Water and electrolyte balance studies were carried out for 48 hours after operations in small children, who underwent cardiac surgery with or without extracorporeal circulation.
Multiple electrolyte solution was given by an intravenous catheter at approximately the same rate through 24 hours. Solution A (Table I ) was given on the first postoperative day at a standard maintenance rate of 1,200ml./M.2/day and Solution B was given on the second postoperative day at a standard maintenance rate of 1,500ml./M.2/day. Peroral intake of water and electrolytes was not allowed in any cases on the first postoperative day and in a few patients small amounts of Solution B were given orally on the second postoperative day. The volume of administered fluid was measured by the scale on the side of the bottle, the accuracy of which was checked by a glass cylinder afterwards. The volume of each injection such as cardiotonics, antibiotics, hemostatics and analgesics was recorded and Na, K and Cl concentrations were determined. Electrolytes in these injections were of considerable amounts.
CALCULATIONS
All water given parenterally (Solution A, Solution B, injections, ACD solution and plasma component of ACD preserved blood) and given orally (Solution B) are calculated as total intake of water. All sodium in solutions above is calculated as total intake of sodium.
Water or sodium in vomitus and plasma component of blood loss are abnormal loss of water or sodium. Maintenance dose of water or sodium, which is more important than total intake in analysing water and electrolyte metabolism, was calculated as the following. observed when the maintenance dose of water was larger than 1,400ml./M.2/day. It was therefore concluded that water intake should be less than 1,400ml./M.2/ day. Among the harmful effects of overintake of water, pulmonary edema is most feared after cardiac surgery. In 2 cases of this study, pulmonary edema occurred because of extraordinarily large amounts of blood or fluid administered during operation. During the postoperative course in these cases, water was restricted to 1,339ml./M.2/day or 1,017ml./M.2/day and a few hours later pulmonary edema subsided without any recurrence. In the other 18 cases given from 962ml./M.2/day to 1,859ml./M.2/day of water, no pulmonary edema was seen. So it was concluded that a water intake of less than 1,400ml./M.2/day was safe if it was given at approximately the same rate throughout 24 hours. Electrolyte Metabolism Approximately the same dose of electrolytes were given to both groups with and without extracorporeal circulation.
1) Serum Na, K and Cl Concentration Values
The serum sodium concentration values, which largely reflect water metabolism, were parallel to serum osmolarity and showed a gradual decrease during the first and second postoperative days (Fig. 2) .
Serum potassium concentration values in patients without extracorporeal circulation showed a gradual increase during the first and second post-operative days. In children with extracorporeal circulation, serum potassium concentration values were higher during perfusion. They showed slight hypokalemia 2 or 6 hours after operation, but thereafter a gradual increase was observed during the first and second postoperative days (Fig. 2) . However, these serum electrolyte values remained within or close to normal range in all subjects.
2) Maintenance Dose and Gain or Loss of Electrolytes In Fig. 5 , interrelations are shown between maintenance dose and gain or loss (=balance) of electrolytes. When the maintenance dose of sodium was larger, sodium accumulation occurred, whereas the balance was negative on smaller maintenance doses of sodium. From these data, it was concluded that the appropriate dose of sodium is 40-50mEq./M.2/day, on the assumption that the maintenance dose should be the same as output.
In the first postoperative day, potassium balance showed an average loss of 50mEq./M.2/day, because no potassium was given during this severely ill period. During the second postoperative day, about 30mEq./M.2/day of potassium was given, and the potassium balance was still negative. More potassium may be given, but it is difficult to standardize the daily maintenance dose of potassium, because hyperkalemia was often seen in patients with circulatory failure.
Chloride balance in relation to chloride maintenance dose is also shown in Fig. 5 . An appropriate dose of 40-50mEq./M.2/day was concluded on the basis of identical results as those found with sodium metabolism.
DISCUSSION
In 1957, Sturtz and his associates1) carried out 21 balance studies in children after open heart surgery and gave 493ml./M.2/day and 765ml./M.2/day of minimum water requirement (Table III) . When the maintenance dose of water is discussed, abnormal losses should be excluded in calculation-there must be clear distinguishment between maintenance therapy and abnormal loss therapy.11)-13) So, their data could be regarded as 493ml./M.2/day and 615ml./ M.2/day of minimum water requirement (minimum maintenance dose of water). Comparing our data with Sturtz's investigation in Table III , a large difference is found especially in insensible water loss and obligatory urine water.
As for insensible water loss calculated in this investigation, the following 2 factors have to be kept in mind.
1) Younger children were studied.
2) Oxygen tents with 70-85 per cent humidity were employed, whereas in Sturtz's studies1) the tent was filled with water mist.
Insensible water loss obtained in this investigation is more physiological and more closely approximates to Heeley-Talbot's equation.14) Obligatory urine water reflects urinary excretion of solute. Even with appropriate deduction of solute intake due to low-electrolyte solution used in this investigation, urinary excretion of solute in the first postoperative day is much larger than that in Sturtz's studies.1) This probably is explained by the difference in the methods of the perfusion, such as hemodilution, rate of perfusion and so forth.
With these considerations, it is found that the minimum requirement of water varies with the age of the patient, humidity in the oxygen tent, method of perfusion and solutions used in parenteral fluid therapy, and so it should be determined in each Cardiovascular Surgical Unit respectively. The minimum requirement of water discussed above should be considered to be the lower limit from a clinical standpoint.
Some patients, who were given water in amounts close to the minimum requirement, not only complained of severe thirst, but also demonstrated clinical sings of dehydration in skin and oral mucosa. In small children, who need adequate hydration, the maintenance dose of water should be near 1,400ml./M.2/day.
As was shown in this investigation, on a maintenance dose of water near 1,400ml./M.2/day, no postoperative pulmonary edema developed.
From the standpoint of water metabolism, there must be clear distinguishment between the postoperative cardiac patients with good cardiac output and those with circulatory failure. The latter can be diagnosed by urine volume, urinary osmolarity and clinical signs.15),16) If circulatory failure is ruled out, it is safe and advisable to use maintenance doses of water up to 1,400ml./M.2/day.
Postoperative hyponatremia-hyperkalemia was observed in this investigation (Fig. 2) . This seems to correspond to the post-traumatic Na-K shift17) noted in general surgery. Although the precise mechanism of this hyponatremia is not clearly understood, dilution by sodium free metabolic water and low electrolyte parenteral fluid is thought to be of primary importance. For example, if we had used only 5 per cent glucose solution in these balance studies, more marked hyponatremia supposedly would have been seen. So it was felt advisable to use some sodium postoperatively.
As has been demonstrated in postoperative patients after general surgery,18) increased intake of sodium will cause sodium accumulation, whereas negative balance occurs if the parenteral sodium dose is too little. In this investigation it was found that parenteral administration of 40-50mEq./M.2/day of sodium does not cause negative or positive balance and sodium intake up to 40-50mEq./M.2/day seems to be a safe and advisable dose.
